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HISTOLOGIC CHANGES IN HUMAN SKIN FOLLOWING PSORALEN THERAPY*
S. W. BECKER, Ja., M.D.
Clinical investigation of the psoralens has left
some confusion as to their mechanism of action
(1, 2). Studies here described were designed to
investigate the histologic changes which can be
correlated with the clinical phenomena produced
by psoralens and ultraviolet light.
EXPERIMENTS WITH METHOXSALEN
(8-METHOXYPSORALEN)
A. SHORT-TERM ADMINJSTRATION
As previously described (3, 4), an area of the
left thigh was exposed to suberythema doses of
ultraviolet light from a mercury vapor lamp 1,
3, 5, 5, 5, 5, 10, 10, 15, 15, 15, 15, 15, and 15
minutes on successive days. A similar area of the
right thigh was exposed to the same course of
ultraviolet light but a daily dose of 20 mg. of
methoxsalen was taken orally two hours before
each exposure. Specimens of skin were removed
for microscopic examination on the seventh and
fourteenth day of each series. These were com-
pared with each other and with a control speci-
men removed from a non-irradiated area.
Clinical Findings
The erythema dose of ultraviolet light in the
treated area of the left thigh was 25—30 minutes;
50 minutes of ultraviolet light produced no cry-
thema in the treated area of the right thigh. Six
months later the same area of the right thigh was
again tested. The erythema dose was 50 minutes
of ultraviolet light. The short course of methoxsa-
len and suberythema ultraviolet light had pro-
duced a definite, long-lasting resistance to ultra-
violet light. No pigmentation was seen on the
left thigh and barely visible pigmentation was
present on the right thigh.
Microscopic Findings
Very minimal changes were seen in the speci-
mens removed at seven days.
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Left thigh, 14 days specimen
Hematoxylin and eosin stain
Stratum corneum: There was definite thicken-
ing of this layer. The upper portion consisted of
pale staining, loosely woven fine strands. At the
base of the stratum corneum there was a thin
zone which was more eosinophilic. Miescher (5)
referred to this area as newly formed stratum
corneum. The stratum corncum was not ad-
herent and had separated from the epidermis in
many areas.
Epidermis: No change.
Dermis: There were a few inflammatory cells
around the superficial vessels.
Silver nitrate stain
There was a very minimal irregular increase in
the melanin in the basal cell layer. There was no
melanin in the stratum corneum.
Right thigh, 14 day specimen
Hematoxylin and eosin stain
Stratum corneum: The stratum corneum was
thickened. Although there was some variation
from area to area, the stratum corneum from the
left and right thigh were the same thickness.
The quality of the stratum corncum from the
right thigh differed from that of the left. The
strands composing the upper portion were thicker
and were more darkly stained by the eosin. The
deepest portion of the stratum corneum con-
sisted of a definite stratum lucidum. (This struc-
ture resembles the stratum lucidum of the palms
and soles so this term will be used). The stratum
lucidum was very adherent to the granular cell
layer and while the upper portions of the stratum
corneum occasionally separated from the epi-
dermis, the eosinophilic zone never did.
Epidermis: There was slight thickening and
some intercellular edema.
Dermis: The infiltrate about the superficial
vessels was greater than that seen in the left
thigh.
Silver nitrate stain
Most of the melanocytes contained some
melanin and a few dendrites were beginning to
fill with melanin granules. No melanin was pres-
ent in the stratum corneum.
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Interpretation
Thickening of the stratum corneum and
melanin in the stratum corneum have been ad-
vanced as theories explaining the resistance of
skin to ultraviolet irradiation. Neither of these
is valid in this instance. Methoxsalen and ultra-
violet light produced an alteration in the metabo-
lism of the skin (actual metabolic change prob-
ably occurred in upper prickle cells or stratum
granulosum) which led to the formation of a
stratum lucidum and produced a more adherent,
denser stratum corneum. This change appears
to be responsible for the resistance to ultraviolet
irradiation. Methoxsalcn and ultraviolet irradia-
tion produced greater inflammation than was
seen in the control specimen. There was minimal
pigment formation. The amount of pigment
formation was not greater than one would expect
from this amount of inflammation.
B. Long term methoxsalen therapy
A biopsy specimen was removed from the mid-
back of a patient who had been using 20 mg. of
methoxsalen and daily exposure to sunlight as
therapy for vitiligo for two months. He had
developed a good tolerance to sunlight and had
a tan which was darker than his normal tan.
Microscopic Examination
Hematoxylin and eosin stain
Stratum corneum: The stratum corneum was
thickened and a very definite thick stratum
lucidum was present (Fig. 1). The rest of the
stratum corneum was quite compact. This
stratum corneum did not separate from the
epidermis.
Epidermis: The granular layer was one cell
thick and the cells appeared to be quite far
apart. Acanthosis, intercellular and intracellular
edema were present.
Dermis: There was an inflammatory infiltrate
about the superficial vessels.
Silver nitrate stain
Many melanin granules were present in the
basal cell layer as shown in Fig. 2. Only an occa-
sional dendrite was partly outlined by melanin
granules. The stratum corneum contained a
large number of irregularly distributed melanin
granules.
Interpretation
This individual was protected from ultraviolet
by the changes in the stratum corneum. These
were more prominent than in the short term
therapy with methoxsalen. He had the added
barrier of melanin granules in the stratum
corneum. The tolerance to ultraviolet irradiation
in long term 8-methoxypsoralen therapy is due
to the combination of an altered stratum corneum
and melanin in the stratum corneum.
The melanin in the stratum corneum also
contributed to his tan. Since the altered stratum
corneum is very adherent, it will retain more
melanin than the normal stratum corneum. The
basal cell layer contained an unusually large
amount of melanin. It resembled the retention of
melanin seen in Addison's disease. It was impos-
sible to tell how much of this melanin was still
within the melanocytes. The psoralen tan ap-
pears to be due to retention of melanin rather
than extreme over production. (The melanocytes
and their dendrites are completely filled with
melanin in active pigment formation. There is
probably some melanin being formed but it is
difficult to say how much.)
EXPERIMENTS WITH 5-METHOXTP5ORALEN
Twenty milligrams of 5-methoxypsoralen were
taken orally two hours before exposure to ultra-
violet irradiation. The left calf of the same indi-
vidual and the same schedule of ultraviolet
irradiation was used as in the methoxsalen study.
The first exposure to 15 minutes of ultraviolet
light (ninth day) produced erythema. The ir-
radiation was continued for three more days
with increasing erythema. On the last two days
clinical pigmentation appeared. A specimen of
skin was then removed for microscopic study.
Microscopic Examination
Hematoxylin and eosin stain
Stratum corneum: The stratum corneum was
thicker than that seen after methoxsalen. The
FIG. 1. Hematoxylin and eosin stain. Skin following methoxsalen therapy
showing stratum lucidum.
FIG. 2. Silver nitrate stain, hematoxylin connterstain, of section of skin fol-
lowing methoxsalen showing melanin content.
Figure 1
Figure 2
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stratum lucidum was very thick and in one area
the entire stratum corneum appeared to be com-
posed of fragmented stratum lucidum.
Epidermis: Intra- and intercellular edema were
prominent. A few inflammatory cells were invad-
ing the epidermis and there were a few small
areas of liquefaction degeneration of the basal
cell layer.
Dermis: The superficial vessels were dilated
and surrounded by a fairly heavy infiltrate of
lymphocytes and plasma cells.
Silver nitrate stain
The melanocytes and their dendrites were
partly filled with melanin.
Interpretation
Under these conditions 5-methoxypsoralen is a
more potent photosensitizer than 8-methoxy-
psoralen. The histologic changes were essentially
the same as those seen in the methoxsalen study
but the increased inflammation accentuated the
change in the stratum corneum and pigment
formation. The pigmentation persisted and was
greater than this amount of erythema usually
produced.
Specificity of These Changes
Through the kindness of Dr. Rothman of the
University of Chicago, I was able to examine
hematoxylin and eosin stained slides from a pa-
tient who had used coal tar ointment and ultra-
violet light every day for twenty years. This
patient was as deeply tanned as an individual
who had been using methoxsalen. Some of these
specimens showed a stratum lucidum and pig-
ment in the basal cell layer. The reaction, how-
ever, was not as definite as that seen after ultra-
violet light and the psoralens.
sUMMARy
It was impossible to test the three photosensi-
tizers (methoxsalen, 5-methoxypsoralen, and
crude coal tar) under exactly the same conditions.
The histologic and clinical changes produced by
these materials were so similar that they prob-
ably represent a pattern which any photosensi-
tizer will duplicate. None of these photosensi-
tizers produced a change which ultraviolet light
alone will not produce but they markedly ac-
centuated the reactions.
There were three changes which could be ob-
served histologically:
1. Alteration of the stratum corneum. This con-
sisted of thickening, increased density and in-
creased adherence of the stratum corneum with
the formation of a structure resembling the
stratum lucidum. This alteration in the stratum
eorneum provides the initial resistance to ultra-
violet irradiation.
2. Pigment production. This appeared to cor-
relate directly with the inflammation produced.
The greater the inflammation, the greater the
pigment production. Microscopic rather than
clinical inflammation was used in this correla
tion. This lack of specific effect by 8-methoxy
psoralen or 5-methoxypsoralen on pigment
formation agrees with the finding by Lerner et al.
(1) that methoxsalen has no effect on the enzyme
tyrosinase.
3. Pigment retention. The adherent stratum
eorneum retains the pigment which reaches it.
This provides added resistance to ultraviolet
light. A large amount of melanin is retained in
the basal cell layer. The "psoralen tan" is pro-
duced by the large number of melanin granules
in the stratum corncum and in the basal cell layer.
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